Major advances in our understanding of marine bacterial diversity have been gained through studies of bacterioplankton, the vast majority of which appear to be gram negative. Less effort has been devoted to studies of bacteria inhabiting marine sediments, yet there is evidence to suggest that gram-positive bacteria comprise a relatively large proportion of these communities. To further expand our understanding of the aerobic gram-positive bacteria present in tropical marine sediments, a culture-dependent approach was applied to sediments collected in the Republic of Palau from the intertidal zone to depths of 500 m. This investigation resulted in the isolation of 1,624 diverse gram-positive bacteria spanning 22 families, including many that appear to represent new taxa. Phylogenetic analysis of 189 representative isolates, based on 16S rRNA gene sequence data, indicated that 124 (65.6%) belonged to the class Actinobacteria while the remaining 65 (34.4%) were members of the class Bacilli. Using a sequence identity value of >98%, the 189 isolates grouped into 78 operational taxonomic units, of which 29 (37.2%) are likely to represent new taxa. The high degree of phylogenetic novelty observed during this study highlights the fact that a great deal remains to be learned about the diversity of gram-positive bacteria in marine sediments.
in a laminar-flow hood before stamping onto agar media. The method was performed as described previously (34) with the exception that a polyester fiber-tipped sterile swab (Fisher Scientific, Hampton, NH) was used to press the dried sediment onto the agar surface 35 to 40 times, creating a serial-dilution effect. The second processing method involved adding 0.5 g of sediment (dried overnight) to 4 ml of autoclaved seawater passed through a 0.2-m-pore-size filter (AFSW) either with (final concentration, 5 g/ml) or without kanamycin. After vigorous shaking for 30 s, the sediment was allowed to settle for 5 min before 50 l was inoculated onto agar media and spread with an alcoholsterilized glass rod. For the third processing technique, wet sediment was diluted (1:4) in AFSW and then heated for 6 min at 55°C. The diluted sample was then vigorously shaken for 30 s and further diluted (1:4) , and 50 l of each dilution was plated onto agar media. Finally, pour plates were prepared by adding 0.5 g of wet sediment to 25 ml of autoclaved, molten (ϳ42°C) 100% seawater agar amended with cycloheximide (100 g/ml) and rifampin (5 g/ml).
Processed samples were inoculated onto one or more of 11 different isolation media (A1 to A11). All agar media were prepared with filtered (0.2-m pore size), deionized (DI) water and/or natural seawater and were amended with filtered (0.2-m pore size) cycloheximide (100 g/ml) and a second antibiotic (if noted), after autoclaving. The isolation media consisted of the following: A1, 18 g agar, 10 g starch, 4 g yeast extract, 2 g peptone, 1 liter natural seawater, rifampin (5 g/ml); A2 (10% A1), 18 g agar, 1 g starch, 0.4 g yeast extract, 0.2 g peptone, 1 liter natural seawater; A3, 18 g agar, 2.5 g starch, 1 g yeast extract, 0.5 g peptone, 0.2 g glycerophosphate (disodium pentahydrate), 750 ml natural seawater, 250 ml DI water; A4 (100% seawater agar), 18 g agar, 1 liter natural seawater; A5 (75% seawater agar), 18 g agar, 750 ml natural seawater, 250 ml DI water; A6 to A9, 18 g agar, 1 liter natural seawater, one antibiotic (5 g/ml polymixin B sulfate, 5 g/ml kanamycin, 25 g/ml novobiocin, or 5 g/ml rifampin, respectively); A10, 8 g noble agar, 0.5 g mannitol, 0.1 g peptone, 1 liter natural seawater, 5 g/ml rifampin; A11 (Munz medium [49] ), 18 g agar, 1 g KNO 3 , 0.1 g MgSO 4 -7H 2 O, 2 g Na 2 HPO 4 -7H 2 O, 0.14 g KH 2 PO 4 , 1 g NaCl, 1 liter DI water, 5 ml light liquid paraffin (added after autoclaving).
Inoculated plates were incubated at 25 to 28°C for up to 12 weeks, and all well-separated bacterial colonies, observed by eye or using a stereomicroscope at a magnification of up to ϫ64 (Leica Microscopy Systems Ltd., Heerbrugg, Switzerland), were removed from the original isolation plates and subcultured on A1. The Gram reaction of all pure cultures was determined via the nonstaining (KOH) method (6) . The majority of the gram-positive strains possessed morphological features characteristic of the recently described actinomycete genus Salinispora (44) . Multiple strains from each Salinispora-like morphotype were cryopreserved at Ϫ80°C along with all of the remaining gram-positive strains. All strains were grouped according to colony color, morphology, and pigment production, and representatives from each phenotype were subjected to phylogenetic analysis.
Nucleic acid extraction, 16S rRNA gene amplification, and sequencing. Genomic DNA was extracted according to the DNeasy protocol (QIAGEN Inc., Valencia, CA) with the following modifications. After RNase A (2 mg/ml) was added to the enzymatic lysis buffer, the resuspended bacterial pellet was incubated for 2 h at 37°C. Following the addition of proteinase K, the sample was held for 1 h at 70°C. Genomic DNA was eluted from the spin column with 100 l of elution buffer for immediate use or storage at Ϫ20°C.
The 16S rRNA genes were amplified from genomic DNA by PCR using the primers FC27 (5Ј-AGAGTTTGATCCTGGCTCAG-3Ј) and RC1492 (5Ј-TACGG CTACCTTGTTACGACTT-3Ј). The 50-l PCR mixture contained 20 to 50 ng of DNA, 250 pmol of each primer, ThermoPol Buffer (New England BioLabs Inc., Beverly, MA), 2.5 U of Taq DNA polymerase (New England BioLabs Inc., Beverly, MA), and 100 M deoxynucleoside triphosphate mixture. The PCR program consisted of 30 cycles of 94°C for 1 min, 60°C for 1 min, and 72°C for 1 min followed by a final extension step at 72°C for 7 min. Amplification products were examined by agarose gel electrophoresis and purified using the QIAquick PCR cleanup kit (QIAGEN Inc., Valencia, CA) according to the manufacturer's suggested protocol. A partial consensus sequence (Escherichia coli nucleotide numbering 20 to 531) for each isolate was obtained using the primers FC27 and R530 (5Ј-CCGCGGCTGC TGGCACGTA-3Ј). Nearly complete sequences were obtained for select 16S rRNA gene amplicons (E. coli nucleotide numbering 20 to 1392) using four additional primers: RC1492, R936 (5Ј-GTGCGGGCCCCCGTCAATT-3Ј), F514 (5Ј-GTGC CAGCAGCCGCGGTAA-3Ј), and F1114 (5Ј-GCAACGAGCGCAACCC-3Ј). Sequencing reactions were carried out with an ABI 3100 DNA sequencer at the DNA Sequencing Shared Resource, UCSD Cancer Center (funded in part by NCI Cancer Center support grant 2 P30CA23100-18).
Phylogenetic analyses and diversity estimates. All nucleotide sequences were assembled, analyzed, and manually edited using the Sequencher software package (version 4.5; Gene Codes Co., Ann Arbor, MI) and compared to sequences within the NCBI database (http://www.ncbi.nlm.nih.gov/) using the Basic Local Alignment Search Tool (BLAST). All partial 16S rRNA gene sequences sharing a phylogenetic affiliation with either Actinobacteria or Firmicutes were imported into ARB (41) and aligned. Aligned partial 16S rRNA gene sequences (E. coli numbering 20 to 531) were analyzed using the Clusterer program (http://www .bugaco.com/bioinf), and the number of operational taxonomic units (OTUs) was calculated using sequence identity values ranging from Ն90% to 100%. For at least one representative of each OTU generated using the Ն98% sequence identity value, a nearly complete 16S rRNA gene sequence was obtained. Phylogenetic analyses were performed using PAUP (63) , and trees were drawn using distance neighbor-joining methods, the unweighted-pair group method using average linkages (UPGMA), and maximum parsimony.
In order to estimate the taxonomic novelty of the bacteria cultured, strains within OTUs sharing a sequence identity value of Ն98% were subjected to further analysis. An OTU was considered a new phylotype if all strains within the OTU shared Ͻ98% sequence identity with any previously cultured bacterium for which sequence data were available (as determined by a BLAST search); otherwise, the OTU was designated a known (previously cultured) phylotype. In addition to determining whether the members of each OTU had been previously cultured, an OTU's taxonomic novelty was assessed using the OTU's nearest type strain (http://www.bacterio.cict.fr/). If all isolates within an OTU shared Ͻ98% sequence identity with the nearest type strain, as calculated using the ARB distance matrix, the OTU was considered to have a high probability of representing a new taxon. OTUs calculated using a sequence identity value of Ն 98% were further used to estimate gram-positive bacterial diversity using the abundance-based coverage estimator (9) and Chao's richness estimator (8) implemented in EstimateS (version 7; R. K. Colwell; available at http://viceroy.eeb .uconn.edu/estimates).
Effects of seawater on growth. Select isolates were screened to determine whether they required seawater for growth. Using a sterile loop, cells from a single colony were streaked onto A1 prepared with natural seawater and A1 prepared with DI water. Plates were incubated at 25 to 28°C for 6 to 8 weeks, and growth was monitored at a magnification of up to ϫ64. Strains that grew on the medium prepared with seawater but not on the medium prepared with DI water were scored as requiring seawater for growth.
Nucleotide sequence accession numbers. 16S rRNA gene sequences have been deposited in the GenBank database (http://www.ncbi.nlm.nih.gov/GenBank/index .html) under the accession numbers DQ092624, DQ224159, and DQ448693 to DQ448806.
RESULTS
From a total of 225 sediment samples, 1,624 gram-positive bacteria were isolated. Interestingly, 1,353 (83.3%) of these strains possessed morphological features characteristic of the genus Salinispora (44) . Four hundred seven of the Salinisporalike strains, along with the remaining 271 gram-positive strains, were cryopreserved at Ϫ80°C. Of these 678 strains, 199 were chosen for phylogenetic analysis based on colony color and morphology. These 199 isolates included 25 Salinispora-like strains and 64.2% (174) of the remaining gram-positive strains cultured. NCBI nucleotide BLAST searches using the partial 16S rRNA gene sequences of these 199 strains revealed that 189 (95.0%) of the isolates were gram positive and shared a phylogenetic affiliation with members of the Actinomycetales or Bacillales. These results further validate the KOH method (6) as a rapid and effective means to determine the cell wall type of an isolate. (For additional information on the 189 grampositive isolates, including collection depth, isolation method and medium, seawater requirement, and nearest type strain, see the supplemental material.) Even though sediment-processing methods were not applied equally to all samples, stamping dried sediments onto low-nutrient agar proved to be a highly successful method to cultivate gram-positive bacteria. In fact, over 70% of the gram-positive strains were cultured on low-nutrient media, particularly A4 to A6.
A phylogenetic analysis of 25 of the 1,353 strains that shared morphological similarities with the genus Salinispora (44) revealed that 23 shared Ͼ99% 16S rRNA gene sequence identity with members of this taxon. The other two strains belonged to the closely related genus Micromonospora. Of the 23 Salinispora strains, 16 (69.9%) shared 100% sequence identity with Salinispora arenicola, further supporting the pantropic distribution and lack of intraspecies 16S rRNA gene diversity within this taxon (35) . None of the 23 strains clustered with Salinis-
Neighbor-joining distance tree constructed in PAUP (63) using the aligned, partial 16S rRNA gene sequences (512 nucleotide positions) of strains representing each of the 70 Actinomycetales OTUs (generated using a sequence identity value of 100%) and the type strains of the most closely related genera. Sequences from this study are shown in boldface, and GenBank accession numbers are given in parentheses. Bootstrap values (in percent) calculated from 1,000 resamplings using the neighbor-joining method are shown at the nodes for values of Ն60%. Sphaerobacter thermophilus was used to position the root. For multiple strains that shared an identical partial 16S rRNA gene sequence, the number of additional isolates is presented in brackets. The suborders to which the strains belong are presented on the right. Family-and genus-level affiliations were maintained when distance UPGMA and maximum-parsimony treeing methods were applied, although some within family branching patterns changed.
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pora tropica, which to date has only been reported from the Bahamas. The remaining seven (30.4%) strains belonged to a new phylotype for which the name "Salinispora pacifica" has been proposed (35) . The diversity of gram-positive bacteria cultured in this study was estimated by performing cluster analyses using the 189 partial 16S rRNA gene sequences. The numbers of OTUs calculated using various levels of sequence identity were as follows: Ն90%, 8 OTUs; Ն91%, 9 OTUs; Ն92%, 15 OTUs; Ն93%, 18 OTUs; Ն94%, 35 OTUs; Ն95%, 43 OTUs; Ն96%, 49 OTUs; Ն97%, 63 OTUs; Ն98%, 78 OTUs; Ն99%, 95 OTUs; 100%, 116 OTUs. Of the 116 distinct gram-positive sequences identified, 70 (60.3%) were phylogenetically affiliated with the order Actinomycetales (Fig. 1 ). These actinomycetes are most closely related to 25 different genera that fall within 18 separate family level groupings and span 8 of the 10 suborders within the order Actinomycetales.
The remaining 46 (39.7%) OTUs calculated using 100% sequence identity shared a phylogenetic affiliation with the order Bacillales (Fig. 2) . The majority of these OTUs (67.4%) formed a highly diverse clade, all of whose members are most closely related to the genus Bacillus. The remaining 15 OTUs were most closely related to the genera Exiguobacterium, Halobacillus, Laceyella, Paenibacillus, Pontibacillus, and Staphylococcus. Contrary to formal taxonomic assignment, the single Staphylococcus strain (CNJ-924) and the Exiguobacterium strains (CNJ-771 and CNJ-781) did not appear to form a clade with their respective families when partial 16S rRNA gene sequences were used (Fig. 2) . However, when using nearly complete 16S rRNA gene sequences, these relationships were rectified. CNJ-924 grouped with its appropriate family, the Staphylococcaceae (data not shown), and the Exiguobacterium strains, while deeply rooted, grouped with the Bacillaceae (Fig. 3) .
While 100% 16S rRNA gene sequence identity was used to highlight the 16S rRNA diversity of the cultured isolates, the 52 Actinomycetales OTUs (Table 1 ) and 26 Bacillales OTUs (Table  2 ) generated using the more conservative identity value of Ն98% were used to estimate the phylogenetic novelty of the culture collection. When all strains within these OTUs shared Ͻ98% sequence identity with all previously cultured bacteria for which comparable sequence data were available, the OTU was considered a new phylotype. According to this criterion, 12 of the 52 Actinomycetales OTUs (23.1%) and 9 of the 26 Bacillales OTUs (34.6%) represent new phylotypes (Table 3) . Thus, 21 of the 78 observed phylotypes (26.9%) have not been previously cultured and reported using 16S sequence-based methods. Of the 40 known Actinomycetales OTUs and 17 known Bacillales OTUs, 35 and 10, respectively, had not been previously reported from marine sources. Given that the samples were collected close to shore, (within 10 km), these 45 strains represent bacteria that appear to be adapted to both marine and nonmarine environments. Using the abundance-based coverage estimator and Chao's richness estimator, it can be predicted that the numbers of cultivable OTUs (Ն98% sequence identity) in these sediments are 131 and 130, respectively. Relative to the 78 OTUs detected, these estimators suggest that further processing of the sediment samples would result in the cultivation of additional gram-positive bacterial diversity.
The 21 OTUs identified as new (not previously cultured)
phylotypes have a high probability of representing new taxa. Additionally, six previously observed Actinomycetales and two previously observed Bacillales OTUs may also represent new taxa, as all strains within these OTUs shared Ͻ98% 16S rRNA gene sequence identity with their nearest type strains. Thus, in total, 29 of the 78 OTUs (37.2%) cultured as part of this study have the potential to be described as new taxa. The nearly complete 16S rRNA gene sequences of representative isolates from each of these OTUs were used to construct a phylogenetic tree (Fig. 3) . Also included in this tree are representative isolates from the 12 OTUs that were not considered new but were most closely related to a type strain isolated from a marine source. Of the 144 strains tested, 57 required seawater for growth, while the remainder grew either poorly (24 strains) or equally well (63 strains) when seawater was replaced with DI water in the growth medium. Forty-five of the 57 seawater-requiring strains were divided among 14 OTUs (Ն98% sequence identity) that were comprised solely of seawater-requiring strains. These strains either belonged to a new OTU or an OTU most closely related to a type strain isolated from a marine source (Fig. 3) . Ten additional seawater-requiring strains fell into seven previously observed OTUs that contained from one to five strains that did not require seawater for growth. The final two seawater-requiring strains, each the sole member of a separate OTU, belonged to known OTUs that had not been previously described as requiring seawater.
Thirty-three of the 57 seawater-requiring strains belonged to the order Actinomycetales. In addition to strains related to the known seawater-requiring genus Salinispora, seawater-requiring actinomycetes were also most closely related to the genera Dietzia, Kocuria, Kytococcus, Marmoricola, Microbacterium, Mycobacterium, and Pseudonocardia. Outside of the genus Salinispora, these strains are among the first seawater-requiring actinomycetes to be reported. Also requiring seawater were 24 strains within the class Bacilli. While the majority of these seawater-requiring strains were most closely related to Bacillus species, seawater-requiring strains related to Halobacillus, Laceyella, and Paenibacillus species were also cultivated.
DISCUSSION
Marine bacterioplankton represent one of the most thoroughly studied environmental communities on the planet (22), yet bacteria inhabiting marine sediments remain largely uncharacterized. This lack of information hinders an effective assessment of marine bacterial diversity and limits our understanding of the fundamental differences between the bacterial populations inhabiting two major ocean ecosystems. One apparent yet relatively unexplored difference between seawater and sediment bacterial communities is the relative abundance of gram-positive bacteria. While early research estimated that only 5% of the bacteria in the ocean are gram positive (72) , more recent studies suggest that the abundance and diversity of gram-positive strains in sediments may be considerably greater (33, 52, 59 ). The present study employed cultivationdependent methods to assess the diversity of gram-positive bacteria in marine sediments collected around the islands of Palau. In total, 78 gram-positive OTUs were cultured, of which 21 are considered to be new phylotypes based on the sharing of These results indicate that considerably diverse gram-positive microbial populations can be cultured from marine sediments and reinforces the concept that relatively simple cultivation techniques can be used successfully to isolate many as-yet-undescribed taxa (13, 30, 43) . The frequent use of high-nutrient media in previous studies
Neighbor-joining distance tree constructed in PAUP (63) using the aligned, partial 16S rRNA gene sequences (512 nucleotide positions) of strains representing each of the 46 Bacillales OTUs (generated using a sequence identity value of 100%) and the type strains of the most closely related genera (with the exception of Exiguobacterium aurantiacum and Halobacillus halophilus, for which alternative sequences were used). Sequences from this study are shown in boldface, and GenBank accession numbers are given in parentheses. Bootstrap values (in percent) calculated from 1,000 resamplings using the neighbor-joining method are shown at the nodes for values of Ն60%. Coprothermobacter proteolyticus was used to position the root. For multiple strains that shared an identical, partial 16S rRNA gene sequence, the number of additional isolates is presented in brackets. The families to which the strains belong are presented on the right. Family-and genus-level affiliations were maintained when distance UPGMA and maximum-parsimony treeing methods were applied, although some within family branching patterns changed.
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FIG. 3.
Neighbor-joining distance tree based on the nearly complete and aligned 16S rRNA gene sequences of 41 Actinomycetales and Bacillales OTUs (calculated using a sequence identity value of Ն98%) observed in this study and their nearest type strains. The strains used to construct this tree represent the 29 OTUs that have not yet been formally described and the 12 OTUs whose nearest type strain was isolated from a marine source. A total of 1,367 nucleotide positions were included in the analysis, and Deinococcus radiophilus was used to position the root. GenBank accession numbers are given in parentheses following the strain identification (in boldface). Bootstrap values (in percent) calculated from 1,000 resamplings using the neighbor-joining method are shown at the nodes for values of Ն60%. The number of additional isolates within each OTU is presented in brackets. Double asterisks indicate OTUs in which all of the tested isolates required seawater for growth. The topology of the distance neighbor-joining tree is supported by distance UPGMA and maximum-parsimony treeing methods.
VOL. 73, 2007 CULTURED GRAM-POSITIVE BACTERIA FROM MARINE SEDIMENTS 3277
of bacterial diversity may explain why some gram-positive bacteria have gone uncultured. During the present study, the majority of isolates were obtained using low-nutrient media (e.g., seawater agar [for additional information, see the supplemental material]). In fact, 24 of the 29 OTUs for which formal taxonomic descriptions are not yet available were isolated exclusively from low-nutrient media. While all of the cultured strains were ultimately capable of growth on a high-nutrient medium (i.e., A1), our observations support the results from previous studies (13, 14, 60) , which suggest that lower nutrient concentrations improve the initial isolation and recovery of diverse microorganisms as they help avoid contamination and overgrowth by fast-growing strains.
The identification of 21 new gram-positive phylotypes, despite extensive culture-independent investigations of seawater, might suggest that seawater and sediment communities are significantly different. The fact that the number of new phylotypes falls by only three to 18 when the results of cultureindependent analyses are included in the comparison (data not shown) supports this possibility. Alternatively, biases associated with culture-independent methods (18, 61, 67) may have contributed to the underestimation of specific groups of grampositive bacteria that occur in both seawater and sediments. This may be particularly applicable in the case of spore-forming gram-positive bacteria, as it is known that even when specific steps are taken to lyse spores, these bacteria are un- (15, 46, 48) . Although culturedependent approaches also have well-known biases (38, 51, 65) , these methods may prove to be the most effective way to detect certain groups of marine bacteria. In addition, cultured strains can be subjected to taxonomic characterization, and their physiology, ecology, and biotechnological potential can be explored.
While the number of OTUs was reported using multiple 16S rRNA gene sequence identity values, only those clusters generated using values of Ն98% were subjected to additional diversity analyses. This value was chosen based on the relationship between percent DNA-DNA reassociation and 16S rRNA gene similarity, where 70% DNA relatedness is expected to correspond to Ͼ98% 16S rRNA gene sequence identity (16). Although Stach et al. (58) suggested that a 16S rRNA gene sequence identity value of Ն99% could be used to define an OTU, that study was focused solely on delineating actinobacterial OTUs. The use of a sequence identity value of Ն98% may not provide the most conservative estimate of OTU numbers; however, even at this value it is probable that diversity will be underestimated.
Members of the actinomycete families Micromonosporaceae, Nocardiaceae, and Streptomycetaceae have dominated previous studies of terrestrial and marine-derived Actinobacteria (11, 12, 26, 43) , and isolates most closely related to members of each of these three families were cultured during the present study. Based on morphological characterization, the majority of the isolates recovered were identified as Micromonosporaceae, supporting previous observations that these bacteria are among the dominant actinomycetes cultivable from marine sediments (31, 68) . Also readily cultured from marine sediments were actinomycetes of the families Nocardiaceae and Streptomycetaceae. While we were surprised not to recover Rhodococcus isolates, which are among the most common members of the Nocardiaceae recovered from marine samples (11, 12, 26) , our processing methods clearly did not select against other mycolate actinomycetes, including strains most closely related to Corynebacterium, Dietzia, Gordonia, Mycobacterium, and Nocardia. Within the Streptomycetaceae, a diverse assemblage of filamentous, spore-forming actinomycetes grouped into 15 OTUs. Five of those Streptomycetaceae OTUs shared Ͻ98% 16S rRNA gene sequence identity with the most closely related type strain, and thus considerable new examples of taxonomic diversity appear to have been cultured within this well-studied family. The phylogenetic identification of what appear to be new taxa within the Actinomycetales and Bacillales confirmed previous observations that marine sediments harbor new diversity within these groups (11, 26, 43, 44) . These two orders are responsible for almost 50% of the known bioactive microbial metabolites discovered to date, including many well-known antibiotics (2) . Although marine microorganisms have only recently become a target for natural product drug discovery, it has become increasingly clear that gram-positive strains are a rich source of new structures that possess promising antimicrobial and anticancer activities (3, 4, 37) and that a better understanding of microbial diversity will provide important insight into how to devise intelligent strategies for natural product discovery (7) . The present study helps to establish a fundamental understanding of the diversity of gram-positive bacteria in the marine environment and provides a diverse, marine environment-derived assemblage of cultured gram-positive bacteria whose chemical and biosynthetic diversity can be investigated.
In addition to actinomycetes from the families Micromonosporaceae, Nocardiaceae, and Streptomycetaceae, spore-forming strains from the Pseudonocardiaceae and Thermomonosporaceae and a large and diverse assemblage of unicellular and/or non-spore-forming gram-positive bacteria were cultured. While a diverse assemblage of bacteria within the Actinomycetales was cultured, no strains from other orders within the Actinobacteria were isolated despite the fact that bacteria from other orders have been identified in the marine environment using cultureindependent methods (54) .
Within the actinomycetes, the highest level of sequence divergence was observed within the Nocardioidaceae (Table 1) , with all strains sharing Ͻ98% sequence identity to currently described species. CNJ-780 and CNJ-872 were most closely related to Marmoricola aurantiacus, the only described species within the genus Marmoricola. Their percent identities with the type strain (94.8% and 97.0%, respectively) suggest that they may represent new species and, perhaps in the case of CNJ-872, a new genus within the Nocardioidaceae. Significant phylogenetic novelty was also observed among strains most closely related to the genera Bacillus, Pontibacillus, Paenibacillus, and Laceyella. These strains appear to represent multiple new species and, in the case of the Paenibacillus and Laceyella strains, which share only 91.9% and 92.3% sequence identity with their respective nearest type strains, possibly higher-level taxa.
Of the potential new taxa observed, 7 of the 11 Bacillales OTUs and 3 of the 18 Actinomycetales OTUs required seawater for growth (Fig. 3) . While it is possible that strains belonging to these OTUs also occur in nonmarine environments, it is equally plausible that the seawater-requiring OTUs represent obligate marine taxa. Both the number and phylogenetic distribution of these seawater-requiring actinomycete and Bacillales strains was intriguing as they were clearly scattered throughout the phylogenetic tree (Fig. 3) . Thus, it remains possible that the requirement of seawater for growth either evolved rapidly and independently in these groups, was acquired by horizontal gene transfer, or represents a highly plastic phenotype.
The most remarkable intraclade diversity observed in the present study occurred within the genus Bacillus. This genus has been generally recognized to be among the most heterogeneous within the bacterial domain and in need of division into multiple genera (10) . The present study recovered 45 strains most closely related to 17 described Bacillus species. These strains shared, in some cases, Ͻ88% 16S rRNA gene sequence identity, far outside the sequence diversity associated with most bacterial genera. While a taxonomic reevaluation of the genus Bacillus in the near future is improbable, the results clearly indicate that considerably diverse Bacillus populations can be readily cultured from marine sediments.
Another noteworthy observation from this study was the recovery of 11 strains from six separate OTUs that share 100% 16S rRNA sequence identity with a type strain. While it was not surprising to culture Salinispora arenicola and Serinicoccus marinus, species previously reported to have been isolated from marine sediments and seawater, respectively, the recovery of a strain with 100% sequence identity to Kocuria palustris, isolated originally from a cattail rhizosphere sampled at the Soroksar tributary of the Danube river, Hungary ( Table 1 ), suggests that some bacterial strains exhibit remarkably broad geographical and environmental distributions.
There is presently much to learn about gram-positive bacteria in marine sediments. Like their terrestrial relatives, marine gram-positive bacteria may play a significant role in the breakdown of recalcitrant organic matter and therefore in the ocean's biogeochemical cycle. Additionally, even as spores, marine gram-positive bacteria have the capacity to impact their surrounding chemical environment, as evidenced by their capacity to oxidize metals (20) . It is clear from this single survey that considerable new examples of gram-positive bacterial diversity can be readily cultured from marine sediments. The continued use of cultivation-dependent techniques will undoubtedly lead to the discovery of additional gram-positive diversity and provide a direct means to learn more about their ecophysiology and applications in biotechnology.
